Background Remote ischemic conditioning(RIC) has been recognized an emerging non-invasive approach for preventing acute kidney injury(AKI) in patients undergoing either elective coronary artery bypass graft (CABG) surgery or percutaneous coronary intervention (PCI).
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The secondary outcomes includes in-hospital RRT, and all-cause mortality(in-hospital or within 30 days).
Statistical analysis
For dichotomous ones (reported with incidence), we calculated odds ratio (OR) with 95% confidence interval (CI). Random-effect model was used for the pooled analysis in the consideration of potential clinical inconsistency. The study with no event occurred in either of the two (treated or untreated) groups was excluded from the pooled analysis. When only one group of the study contained no events, a fixed value(0.5) was added to each cell of the 2X2 table for the pooled analysis. Publication bias was assessed by Begg's test and Egger's test for AKI. Sensitivity analyses were used to evaluate the robustness of our results by removing each included study at one time to obtain and assess the remaining overall estimates of AKI. Meta-regression and subgroup analyses were performed to explore the potential sources of heterogeneity and a P value of less than 0.1 was accepted. P<0.05 (2-sided) was considered to be statistically significant for hypothesis testing. All statistical analyses were performed in Stata(version 11.0; Stata Corporation, College Station, TX).
Results

Study characteristics
After 2119 abstracts were excluded from initial search due to duplication, review, experimental design, and other irrelevant content, Seventy-four potential studies were selected for detailed evaluation. Fifty-four studies were further excluded for the following reasons: valve surgery (n=7), vascular surgery(n=6), pediatric surgery (n=11), primary PCI(n=9), irretrievable or unclear data (n=3), nonrenal endpoints (n=10), ongoing trial (n=2), and endothelial trials (n=6). Twenty trials [21] [22] [23] [24] [25] [26] [27] [28] [30] [31] [32] [33] [34] [35] [36] , [37] [38] [39] [40] [41] with a total of 4858 patients (n=2471 in RIC group) ultimately met our selection criteria, eleven[21-26, 30, 31, 34-36] of which were conducted for 3357 subjects in elective CABG (Figure 1 ). The ischemic protocol (cycles×I/R) was 2~4×5min/5min in nineteen studies [21-26, 28, 30-36] , [37] [38] [39] [40] [41] , and 4×30s/30s in one [27] . The upper limb was used in fifteen studies [21-23, 25, 26, 28, 30-33] , [37] [38] [39] [40] [41] , the thigh in three [24, 34, 35] , the combination of upper limb and thigh in one [36] , and the heart in one [27] . The time interval between first cuff for remote conditioning to coronary reflow was 30~157 min in CABG, and several to 120 min in PCI.
Perioperative AKI was reported in seventeen studies [21-25, 27, 28, 30-33, 36] , [37] [38] [39] [40] [41] , [37, 40, 41] had a Jadad score ≥3. Study design and patient characteristics are summarized in Table 1 and 2. Figure 3A ).
Effect of RIC on the incidence of AKI
Effect of RIC on the Requirement for RRT and Mortality
The in-hospital RRT was reported in 2049 study subjects undergoing CABG, and the overall incidence was 3.1% (n=10 studies; RIC: 32/1033;Control: 31/1016). The requirement forpostoperative RRT was not reduced by RIC intervention(OR=1.04; 95% CI, 0.62 to 1.76; P=0.87; I2=0.0%)( Figure 3B ).
Mortality was reported in 1920 study subjects for CABG cohort , and the overall incidence was 1.8% (n=8; RIC:17/972; Control:18/948). Mortality was nonsignificantly reduced with RIC compared with control (OR=0.89, 95% CI: 0.45 to 1.76, P=0.74: I2=0.0%) (Figure 4 ) .
Potential Sources of Heterogeneity
Age, male (%), history of MI, diabetes (%), hypertension (%) , dyslipidaemia (%), contrast volume (ml),β-blockers(%), statins(%), and additive duration of ischemic conditioning(cycles time ischemic duration, min)were included in the random-effect univariate meta-regression analysis for AKI in PCI. As a result, the identified major sources of heterogeneity was additive duration of ischemic conditioning(min)(coefficient=-0.22; P=0.057; adjusted R2=1.00) for AKI. When 
Discussion
In the present meta-analysis of 20 randomized trials enrolling 4858 CAD patients undergoing elective coronary revascularization, we found that RIC may offer renoprotection by reducing in-hospital AKI, especially in PCI. Moreover, increase in the number of RIC cycles may improve the clinical benefit for renal function by RIC. However, the effect of RIC on the requirement for RRT and mortality merits further investigations.
Revascularization type. Up to now, CABG and PCI remain two key therapeutic options for treating patients with stable CAD, and both are associated with substantial risk of AKI. There has always been a concern whether renoprotective therapies established in PCI can be translated into the setting of CABG. Clinical studies investigating periprocedural use of statins [6, 42] , N-acetylcysteine [43, 44] , sodium bicarbonate [45, 46] , and erythropoietin [47, 48] have produced neutral results. In our meta-analysis,a higher rate of AKI in CABG (35.1% vs 9.1% in PCI) was observed, and the absolute risk reduction of post-procedural AKI by RIC was 0.8% in CABG and 5.8% in PCI. This discrepancy may due to differences in the mechanisms of acute renal injury(cardiopulmonary bypass and low CO in CABG versus contrast in PCI) [8] [9] [10] , potential interference of volatile anesthetics [49] , and higher rate of blood product transfusion during CABG [50] . Future studies should help elucidate the differential effects of RIC on renal injury.
Optimal conditioning protocol.
In the meta-analysis, the most widely used RIC protocol was 2~4 cycles of 5-min ischemia and reperfusion intervals of one unilateral limb achieved using a blood pressure cuff(inflated to ≥200mmHg or 50 mmHg> SBP). However, whether optimization in RIC protocol algorithm could confer renoprotective benefits remains unknown-for example combined conditioning in two remote organs [36] , increase in the number of cycles, or a prolonged ischemic interval. In our investigation, the additive duration for ischemic conditioning in PCI is Optimal timing, new concept and clinical implication. It is also unknown how long RIC should be initiated before coronary revascularization to achieve renal benefit. RIC has been shown to elicit the protective effect in 2 different phases: early phase (<4 hours) and delayed phase (24~72hours) [51] . The time window in our analysis is quite wide-ranging (CABG, 30 ~157 min;
PCI , several ~120 min). In our subgroup analysis, a dramatic difference in the effect of RIC on postprocedural AKI between CABG and PCI was obtained. How to improve the renal effect of RIC in patients undergoing CABG is an interesting issue. Recently, the pivotal role of time interval between coronary angiography and CABG surgery in postoperative AKI has been proposed in several large retrospective adjusted analyses [11] [12] [13] . The risk of AKI was highest in whom CABG was performed ≤1 day after cardiac catheterization, indicating that the underlying mechanisms of postprocedural AKI may be complicated with pre-existed contrast-induced injury. Based on these evidence, the optimal timing for the reduction in CABG-associated AKI is a question that needs comprehensive consideration. 
Conclusions
Our meta-analysis suggests that RIC does not offer renoprotection during CABG surgery in terms of preventing AKI, reducing the requirement for RRT, and mortality. However, our study does
show the renoprotective effect of RIPC in preventing AKI in patients undergoing elective PCI.
Hence, our findings may infer the preserved renal effects of RIC in CABG with preconditioning
before the coronary angiography, or in HCR Table 1 Study design in all included randomized trials Table 1 Note: CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention; I/R, ischemia/reperfusion; SBP, systolic blood pressure; atm, atmosphere; AKI, acute kidney injury; RRT, renal replacement treatment; SCr, serum creatinine; eGFR, estimated glomerular filtration rate; L-FABP, liver-type fatty acid-binding protein; N.A, not available; RIC, remote ischemic conditioning; Ctrl, control. 
